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SUMMARY

This report presents the research work performed at
The Catholic University of America on the research grant
entitled "Active Control of Robot Manipulator Compliance, '’
(Grant No. NAG 5-780), supported by NASA/Goddard Space
Flight Center. The research was performed from November
16th, 1986 to May 15th, 1987,

In this report we first review the research results
that have been obtained through the project. Then the robot
actuator, the selection of the data acquisition system and
the design of the power amplifier will be discussed. The
machine design of the robot manipulator will then be
presented, After that, we will discuss the integration of
the developed hardwares into the open—-loop system. The
report is concluded by addressing the current and future

research work.
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1.INTRODUCTION AND PREVIOUS RESULTS

Robotics has promising applications in the space
station program as pointed out in [1]. Assembly of large
space structures can be performed by autonomous robots.
Product assembly in space such as mating and fastening of
parts requires a very high precision. Because of the
enormous difference in tolerance between position and robot
manipulators, compliance should be provided to the
manipulator so that it can comply with the task—imposed
constraint ({[7]. This can be done by employing the hybrid
control scheme that controls position along specified
degrees of freedom and independently controls force along
the remaining degrees of freedom [4]. We started our
analysis of the hybrid control scheme with the
two—degree-of-freedom robot. In [7] the dynamics of a
robot with two degrees of freedom was modeled. Then by
using the system simulation language (SYSL), the complete
system including the actuators, tﬁe robot dynamics, force
and positon feedback was simulated on an IBM PC [Fig.l1l]. As
pointed out in [8], proper adjustments of the controller
gains enabled the robot to perform successful operations.

Even though good results have been obtained, no clear

relationship between the controller gains and the system
| responses have been identified.

In order to test the performance of the hybrid control
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scheme on a physical system, it was proposed to actually
build the two-degree-of—-freedom robot and interface it
with an IBM personal computer through a data acquisition
system. In the following, we will present the development
of the hardwares for the robot implementation and design
of the necessary electrical devices and computer

interfaces,

2. THE ROBOT ACTUATOR

Two ball screw actuators, manufactured by Motion
Systems Corporation were used to implement the robot arms
[Fig. 2]. This is an in-line actuator that has a stroke of
16 inches and is driven by a permanent magnet DC motor
(24 VDC, 3000 RPM, 3" diameter, 2.5 Amps no-load current)
[Fig. 3]. The ball screw actuator 85262 if equipped with
heavy duty brake, support bushing, cover tube, rod end and

trunnion pins is numbered by 85261,

3. THE_DATA ACQUISITION SYSTEM

The interfacing between the outside world consisting
of the robot manipulator, drivers, sensors and the IBM
computer is done through a data acgquisition system, The

data acquisition system consists of an IBM data




acquisition and contreol adapter , a distribution panel
and a selected software package running the system. We

selected the Labtech Notebook software package because

open and closed-loop control algorithms are readily
implemented and PID (Proportional-Integral-Derivative)
controllers can be set up for closed-loop control. The

data acquisition and control adapter has 4 analog input
channels (12-bit resolution) and 2 analog output channels
(12-bit resolution). The voltage of the input and output
channels can be selected to be either unipolar (0 to 10
volts) or bipolar (+ 5 wolts or + 10 volts). The input
current assumes + 4 milliamps at maximum input voltage.

The maximum output load current is +5 milliamps.

4. THE POWER AMPLIFIER

Since the maximum power that the data acquisition
board can deliver is not sufficient (+10 V, +5 milliamps)
to drive the DC motor whose no—load consumption is
characterized by +24 volts and 2.5 amps, a power amplifier
was designed to amplify the output signal of the data
acquisition board. The design employed high—-power
operational amplifiers OPA501 manufactured by Burr-Brown
corporation and compatible heat sinks 080SHS (3o c/watt) .
The maximum current (7 Amps) delivered by the power

amplifiers can be set by selecting a ©proper resistor RS




In order to make the gain of the power amplifier
adjustable, the feedback resistor R2 was set to be of 10Kn
(fixed) and the value of the input resistance could be
varied between 0 and 10k potentiometer [Fig. 5].The power
amplifier was housed in an Archer instrument case whose
front panel provided all necessary connections to power

supplies, input from data acquisition Dboard and output to

DC motors.

5. THE_ROBOT MANIPULATOR

Fig. 2 1illustrates the two—-degree-cf-freedom robot
manipulator that mainly consists of 2 ball screw in-line
actuators, a fixed upper platform, motor cover tubes and
connecting Jjoints and bearings., The upper platform was
made out of a 36x9%1 (inch) solid board that was secured
to the concrete wall by 3 steel brackets, To hang the
actuators under the upper platform, we made two aluminium
tubes and slided them over the two motors. The actuators
were then secured to the cover tubes by 2 Dbolts.
Intermediate caps and bearings were used to attach the
cover tubes to the upper platform. Each upper 3Joint that
allows rotation about the z—-axis, consists of a linear
pillow block, a shaft hanger and a steel shaft that were
all manufactured by Winfred M. Berg Inc and were modified

to £fit the design of the robot., The essential part of




the design was the development of a Jjoint to couple the
two end points of the two actuators. Several types of
joint were designed, tested and modified to optimize the
gripper motion in terms of conversion of rotation to
linear motion, vibration and workspace. The finalized
joint consists of a shaft hanger, bearing mounting plate
and a low friction ball bearing. Some mechanical parts
were manufactured by Winfred M. Berg Inc and some were
made by In-house machine shop,
The overall dimensions of the robot 1is described

below:
-Width (distance between the

attachment points of the

arms to the upper platform): 29"
—Length of each arm

(fully extended): 51"
-Height (distance between

the upper platform and the

gripper) : S51v




6. THE OPEN-LOOP SYSTEM

Fig. 6 illustrates the overall configuration of the
hardwares and computer interface that have been developed
up to now. This is mainly an open-loop system in which no
sensors for position and force have been integrated. The
completion of a closed-loop feedback system will be

discussed in the next section.

7. CURRENT AND FUTURE WORK

Currently and in the future we will make all efforts
to accomplish the following:
~Troubleshooting the open—-loop system and making proper
adjustments in the data acquisition board and in the power
amplifiers,
—~Modifying the robot manipulator hardwares if needed,
~Selecting a proper position sensor (LVDT) and a force
sensor and integrating them into the open-loop system,
-Using the Labtech Notebook software package to implement
the hybrid control scheme,
—~Running the complete closed-loop system and making

evaluations.




8. CONCLUSION

This report updated the development of the hardwares
and computer interface for a two-degree-of-freedom robot.
The robot manipulator was implemented by 2 ball screw
actuators and necessary machine designs., A data acquisition
system consisting of a data acquisition and control adapter
and the Labtech Notebook software package was selected to
interface the robot manipulator to the IBM computer. We
then discussed the design of a power amplifier that drives
the DC motor of the robot actuator. The integration of the
developed hardwares into an open-loop system was then
presented. The report was finally concluded by discussing

all current and future work of the research project,
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e —— 29 inches >

A 35 FIXED UPPER PLATFORM

ROBOT ARMS

ROBOT GRIPPER

Fig. 2: The Robot Manipulator



103€N30Y 30QqO¥ 9yl :¢ -brd

‘GININOIY LON SIHOLIMS LINIT €

ININIINO I FINOISND J3d FN0JLS 2

NIKY D98 17IMND0Y SO0 ONId I8

MM 13918 QIL0FAL LYIH-TIONW /

ORIGINAL PAGE IS
OF POOR QUALITY

B

pr—— e~

(OIS NI S1 4N 3/
Q3203132 2282)

e QIOPALIY PLEE ~— ———Aa——— 00§ 2 — -

e ——— INOLG ~—— - -

»

L

@)

O00E] OSL'P Wad O00E Wd 2an2/
\OSL 2| LEp P Wy 0009 Wd 2012/
O00t| GLB'E| Wdy 0009 TYSINM JAA2/
OIEE| S29P | Wad 00pg NOIIINAN! DM/
OIEE| G20 | Wad OOLI NOIIDNANI DVAGCI]
g [4 J0IOW
QEotull//
v
@ e



b )

NOTE
Leads in true position within 010”
25mm R @ MNIC at seeting plane

Pin numbers shown for reference only
Numbers may not be marked On package

INCHES MILLIMETERS
DIM T MmN | MAX MIN MAX
A 1810 | 1.650 | 38.38 | 39.37
[ 748 770 | 1992 | 19.8¢
C .300 400 7.62 10.18
] 038 042 0.97 1.07
[3 080 ;108 2.03 2.87
[ 40° gasic 40° BASIC

 a | so00sasic 12.7 BASIC
] 1.186 SASIC 30.12 BASIC
J 983 BASIC 16.06 BASIC

| X A0 800 | 1.6 | 1270
o 181 181 3.84 4.09
[ 900 | 1.020 | 2489 | 2591

a) ORIGINAL PAGE IS
OF POOR QUALITY

0805HS 3°C/WATT

84 8mm ‘
3.34") I
END VIEW |o— 33 Omm —{

{1307
175mm
432mm} (017°) [}

4

*NOTES

1 Therme! resmtance speciied are fer nsturel connection Hestsmks
0B03MS and OBO4HE sre mounted on 8~ x 87 x 1718~ G-10 AC board

2. A thin-film of hestsink compound (Dow Corning 340 or equivelent)
between the hestenk and the TO-3 device & recommendagt

b)

3 55mm
0147 & 6-32 Thread
. +4 Hotes)
(¥ Hales,\ I y;
| —0 # r
c .
See ?
Detant 1~} 80 8mm
™~ e (318" 91 9mm
101.35mm \ oe 13 62"
oo ©
3.999 ° +:
LN ] *
é 40 4mm 46.0mm!
(159”) (1817}
R
-® + @
—O
BOTTOM VIEW

—v‘ 321mm  fe—

a7
pra 64 3MM i
2531

Materisl. Aluminum
Finish Biack Anodized

Detail 1 24mm

10.088")
8 Holes)
on 12.7mm %
(0.500") dia
{2 Holes)

—— JD_ 80°
°
—gnd 15.07
Hole mm

Pattern 10.5947) . .
‘,..—301 MM o
{1.1877)

40° tvp

3.86mm

Elements of the Power Amplifier: a) Operational

Amplifier, b) Heat Sink.
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Fig. 5: The Power Amplifier
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Fig. 6: The Organization of the Open-Loop System
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